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1. INTRODUCTION 
The existence of a lysosomal ATP-driven proton 
pump, suggested by many to explain the mainte- 
nance of an acidic pH in lysosomes [1,2] is still a 
matter of debate [2,3] and much direct and indirect 
evidence in favour of this hypothesis has been re- 
ported [4-9]. A recent spectrophotometric analysis 
of acridine and other dye uptake in a 'crude' 
lysosomal preparation, indicated an ATP-driven 
dynamic transmembrane pH gradient which was 
tentatively attributed to a proton translocating 
lysosomal ATPase [10]. The energy-dependent dye 
uptake required Mg 2+ and anions, and was insen- 
sitive to ouabain and oligomycin. 
Here, inhibition of ATP-driven uptake of 
acridine orange dye by DCCD, a well-known in- 
hibitor of the proton-translocating mitochondrial 
ATPase [ll] and by the antitumor agent cis-di- 
aminodichloroplatinum II [12], as well as other re- 
lated platinum complexes is presented, cis- and 
trans-isomers were compared in one case only and 
revealed that the cis- was more effective than the 
trans-isomer in inhibiting ATP-driven dye uptake. 
In addition, oligomycin ineffectiveness on ATP- 
Abbreviations: FCCP, carbonyl cyanide p-trifluorometh- 
oxyphenylhydrazone; HEPES, N-2-hydroxyethylpipera- 
zine N'-2 ethanesulfonic acid; DMSO, dimethylsulf- 
oxide; Tris, tris(hydroxymethyl)aminoethane; DCCD, 
N,N'-dicyclohexylcarbodiimide; EDTA, (ethylenedini- 
triio)tetraacetic acid; EGTA, ethyleneglycol-bis(fl- 
aminoethyl ether)-N,N'-tetraacetic acid 
driven dye uptake by lysosomes [10] was re-exam- 
ined with the 'crude' lysosomal preparation; ATP- 
driven dye uptake and its inhibition by cis-di- 
aminodichloroplatinum II was also tested in more 
purified lysosomal preparations. 
A preliminary analysis of the platinum complex- 
es effect indicated that the complexes do not in- 
duce or increase membrane ion permeability, thus 
suggesting that the observed inhibition of the ener- 
gy-dependent dye uptake concerns 'primary' ATP- 
driven proton translocation. 
2. MATERIALS AND METHODS 
cis-Pi(NH3)2CI2, abbreviated to complex I, cis- 
Pt(MTC)2C12 (where MTC=N-methyl-O-ethyl- 
thiocarbamate) abbreviated tocomplex II and cis- 
Pt(DMTC)2CI2 and trans-Pt(DMTC)2Cl2 (where 
DMTC = N,N'-dimethyl O-ethylthiocarbamate), 
abbreviated to cis-complex III and trans-complex 
III, respectively, were a generous gift of Dr Livia 
Sindellari. For the preparation method, see [13-15]. 
The complexes were used as freshly prepared 
DMSO (complex I), or acetone solutions (the oth- 
ers) usually at 3.3 mg/ml, and stored at room tem- 
perature, except when otherwise specified. For 
complex I, a commercial preparation (Platinol, 
Bristol) was also employed. Lysosome-enriched 
preparations were obtained according to [16], ex- 
cept that purification was arrested at step II (frac- 
tion II). Depending perhaps on the criterion 
adopted for pellet removal after centrifugation at 
16 500 × g, variable increase (10-18-times, aver- 
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age -12) in specific activity of acid phosphatase 
over that in the homogenate was obtained. The last 
pellet in the above procedure was resuspended in
0.25-0.30 M sucrose and 5 mM HEPES (or Tris) 
(pH 7.2). In some trials, more purified lysosomal 
preparations were obtained by centrifugation of 
the lysosomal-mitochondrial suspension (fraction 
F II) in self-generating Percoll gradient [17]. Brief- 
ly, a few millilitres of the above suspension were 
layered on top of an isoosmotic Percoll solution (9 
parts (v/v) of Percoll, (Pharmacia) added to 1 part 
of 2.5 M sucrose) diluted to 30% with 0.25 M 
sucrose and l mM EDTA (pH 7.4) using 10ml 
tubes. Centrifugation was done at 30 000 x g for 
l h in an angle-head rotor (Sorvall RC 2B, SS 34). 
Gradient material ( -  1.5-2 ml) was removed from 
the bottom of each tube with a syringe, diluted 
with />15 ml 0.25 M sucrose and 1 mM EDTA 
(pH 7.3-7.4) and centrifuged for 10min at 
16 500 x g. The fluffy pellet thus obtained was re- 
suspended in 0.25-0.3 M sucrose and 5-10 mM 
Hepes (pH 7.2) at 6-10 mg protein/ml. The aver- 
age specific activity of acid phosphatase was - 20- 
fold that in the crude homogenate, and this finding 
was fairly consistent. 
In other trials, highly purified lysosomes were 
obtained by centrifuging the F II fraction (prac- 
tically identical to the L fraction in [18], and pre- 
pared as before except hat EDTA was absent in 
the sucrose medium) in a discontinuous met- 
rizamide gradient, according to [19]; only the L2 
subfraction described in the above paper was used 
in these studies. Enrichment in specific activity of 
acid phosphatase over the homogenate in the best 
preparations was -60-70-fold; these values are 
very similar to those reported. The lysosomal prep- 
arations were stored at 0-4°C, and used within a 
few hours. Acid phosphatase activity was mea- 
sured as in [20], except hat the reaction was stop- 
ped by HCIO4 addition (final conc. 2.57o) instead 
of trichloroacetic acid. Pi was measured as in [21]. 
[Protein] was determined as in [22]. Minor modi- 
fications were made when working with prepara- 
tions obtained by Percoll gradient o account for 
PercoU interference with colour development, and 
after precipitation with 8% trichloroacetic a id and 
resuspension with 0.5M NaOH at 37°C for 
20min, when the lysosomes were obtained by 
metrizamide gradient. 
Rat liver mitochondria were obtained according 
to standard procedures in 0.25 M sucrose, 10 mM 
Tris-HCl (pH 7.4) and 0.1 mM EGTA [23]; 
Mg2+-ATP submitochondrial particles were de- 
rived from rat liver according to [24]; protein was 
determined according to the biuret method. For 
the preparation of the microsomal fraction from 
rat liver, the homogenate was centrifuged at 1470 
x g for 10 min and the supernatant was cen- 
trifuged at 12 500 x g for 10 min. The microsomal 
vesicles from this supernatant were sedimented at 
105000 x g for 60min in a Beckman ultra- 
centrifuge (rotor Ti 60) [25]. The pellet was resus- 
pended in an appropriate volume of 0.25 M 
sucrose (pH 7.2) and protein was determined ac- 
cording to [22]. Acridine orange origin and pu- 
rification were as in [10]. Metrizamide was ob- 
tained from Sigma Co.; all other chemicals were of 
analytical grade. For the spectrophotometric mea- 
surements, a double-wavelength apparatus, con- 
structed in the workshop of the Institute of Physics 
at the University of Padova, and a Perkin-Elmer 
spectrophotometer model 124 were employed, pH 
was measured with a glass H + electrode, and a 
Radiometer PHM 26 pH-meter. The entire study 
was carried out at room temperature (20 +_ 2°C). 
3. RESULTS AND DISCUSSION 
3.1. Acridine orange as ApH probe 
The usefulness of acridine dyes in monitoring 
pH gradients, and of acridine orange in particular, 
has been discussed in [10,26-30]. Nevertheless, 
further experiments using acridine orange were de- 
vised to ascertain the reliability of the technique. 
The rationale is that: 
(i) If the decrease in dye absorbance caused by 
lysosomes is due to the pH gradient, it is ex- 
pected to be a decreasing function of the exter- 
nal pH. Dye binding to both sides of the mem- 
branes could cause an absorbance change also 
in the absence of pH gradient. For this and 
other technical reasons, the above absorbance 
change was estimated by the reversing effect 
caused by NH4 +, added to collapse the pH 
gradient [4]; 
(ii) The H +/K  + exchange driven by nigericin is 
expected to elicit an absorbance change whose 
extent and sign should depend on the medium 
tK+I. 
Both requirements were satisfied, as shown in 
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Fig.l(A) Effect of medium pH on the transmittance increase of 
acridine orange dye elicited by lysosomes. The medium (2.5 ml) con- 
tained: 0.2 M sucrose, 40 mM choline chloride, 5 mM MgSO4, 10 mM 
Hepes or 10 mM cacodylic acid for pH < 6.5, plus enough Tris to raise 
the pH to the indicated values and 10 #M acridine orange. The indi- 
cated transmittance hanges, T492--T550 were caused by the addition of 
NH4 + (10 ttl saturated solution of (NH4)2 SO4). The lysosomal content 
of the suspension was 0.07 mg/ml, hnprecision in trace evaluating for 
the change induced by NH4 + is also indicated. (B,C) Dependence of 
nigericin effect on dye transmittance in the presence of lysosomes on 
medium [K+]. Medium as in fig.l(A) except pH was 7.07, and K + 
added as K2SO 4, was present at the indicated concentration. In (B) 
trace (a) K + 1 mM, trace (B) K + 80 mM. Lysosomal protein content 
was 0.18 mg/ml. Nigericin addition was 1 ~tg/ml. For other additions 
and further explanations see above. 
fig.l(A) and I(B,C), respectively. The first test in- 
dicated, by rough extrapolation, that no effect on 
absorbance occurred at pH 5.6-5.7, which was 
tentatively assumed to be the internal pH of the 
isolated lysosomes. This result, obtained in a K + - 
free medium, is in agreement with values found by 
methylamine distribution for the internal pH of 
isolated lysosomes [1,2]. Many trials were per- 
formed and the values always fell within the range 
o fpH 5.6-5.9. Fig.I(B,C) shows that, in a medium 
with 15-18 mM K + and pH 7.07, nigericin caused 
a transmittance increase, which according to 
fig.l(A) is indicative of a pH-gradient increase, the 
opposite was found at a greater [K + ]. This experi- 
ment was repeated at different pH-values (not 
shown), and for each pH a shift in the curve shown 
183 
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in fig. I(C) was observed along the x-axis according 
to the equilibrium equation: 
K+in/K+ou t = H+in/H+ou t 
In other experiments, identical to those described, 
the pH of the medium was continuously moni- 
tored; no change >0.03 unit was observed uring 
an entire trial. 
3.2. Inhibition of A TP-driven dye uptake by DCCD 
and platinum complexes 
The experiment of dye uptake was started by the 
addition (see also [10]) of an aliquot of the lyso- 
somal suspension which caused a rapid transmit- 
tance decrease, due also to the turbidity of the sus- 
pension itself, followed by a slower increase. This 
latter effect is easily attributed to the pH difference 
between the more acidic lysosomal interior and the 
medium, as inferred by the experiments shown in 
fig.l. Neither effect is shown in fig.2 (but see [10]). 
ATP was then added (10-15 min later) and after 
perhaps a lag phase, a slow transmittance increase 
started (fig.2(a)), indicating dye uptake. The addi- 
tion of ADP or Pi alone had no effect (not shown). 
This phase lasted >/20 min (compare with similar 
slow kinetics of 'in vitro' ATP-stimulated pro- 
teolysis [8] and in living cell uptake of methyl- 
amine by lysosomes [4]). NH4 + reversed both the 
ATP-dependent and the lysosome-induced absor- 
bance change. After the experiments hown in 
fig.l it is again straightforward to associate the ali- 
quot of NH4 + effect exceeding the ATP-induced 
change (extent 7 in fig.2) to the: reversal of the dye 
uptake, due to residual internal acidity of the lyso- 
somes after the isolation procedure [1,2,7]. Fig.2(b) 
shows that if preincubation occurred in the pres- 
ence of 25 ~M DCCD, it caused > 50% inhibition 
of the ATP-driven uptake. Instead, the NH4 + 'test' 
indicated that the pre-existing pH gradient was not 
significantly affected by the inhibitor, since the ex- 
tent of the NH4 + -induced change was very similar 
in the 2 cases. At the same concentration asabove, 
DCCD added just before ATP had no significant 
effect on ATP-driven dye uptake (not shown). 
Preincubation of the lysosomal suspension at 
0°C for 1 h with 100 mM KC1 strongly inhibited 
the extent of the NH4 + effect, phase 7 (not 
shown), when it was tested later in the usual medi- 
um for dye uptake assay, thus indicating partial 
collapse of the pre-existing pH gradient by KC1. In 
ATP I 
NH~ + 
# 
D 
1 Nt 
2 
1 
b 
÷ 
4 
Fig.2. Monitoring of ATP-driven pH gradient by dye 
uptake. Effect of NH4 + and preincubation with DCCD. 
The medium (2.5 ml) contained: 0.2 M sucrose, 5 mM 
MgSO4, 40 mM choline chloride, 10 mM Hepes and 
enough Tris to raise the pH to 7.2 and 12 ~M acridine 
orange. ATP was added 15 min after the addition of the 
aliquot of the 'lysosomal' suspension (usually 10- 
15 mg/ml) to the above medium. In (b) preincubation, 
lasting 15min, occurred in the presence of 25~M 
DCCD, added as a freshly prepared ethanol solution 
(4 mM). Final [protein] 0.17 mg/ml. ATP addition was 
1 mM and NH4 + as in rigA. 
this case, the rate of the ATP-dependent phase, or 
also its extent, might be affected. This point, 
however, was not sufficiently explored. Thus, de- 
spite the fact that a 'crude' lysosomal preparation 
was used in these experiments, the above results 
resemble findings obtained with highly purified 
preparations by methylamine distribution [6,7]. 
In some experiments, the lysosome-induced ab- 
sorbance change, and the ATP-dependent effect 
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Fig.3. Initial rate of ATP-driven dye transmittance hange, monitoring the increase in the lysosomal pH gradient, after 
preincubation (10 min at room temperature) with the indicated concentration of complex I (.) in fig. 3(A), of complex 
II (s) or oligomycin (o) in fig.3(B), of complex III, cis (s) or trans (o) in fig.3(C). Transmittance changes of dye monitor- 
ing the pre-existing pH gradient, extent y in fig.2, indicated in the figure as 'passive uptake' were caused by the addition 
of NH4+ and shown as follows: experiments with complex I (•) in fig.3(A), experiments with complex II (=) or 
oligomycin (o) in fig.3(B), experiments with complex III, cis (,):or trans (~) in fig.3(D). Control experiments for the 
effect of the solvents used for complexes, oligomycin and DCCD (section 2) are also shown as follows: in fig.3(A) rate 
(o) and passive uptake (D) after preincubation (10 min at room temperature) with 25 ~1 DMSO, in fig.3(B) rate ( , )and 
passive uptake (*) with 15/.d acetone, in fig.3(C) rate (o), and in fig.3(D) passive uptake (o) with 15/~1 ethanol. When 
more measurements were made (usually 4) as in fig.3(B--D), the average and SD are shown. Medium, NH4 + and ATP 
addition as in fig.2. In fig.3(B) the btg/mg protein scale refers only the experiments with oligomycin. Protein con- 
centrations were: fig3(A) 0.17 mg/ml; fig.3(B) 0.37 mg/ml; fig.3(C,D) 0.25 mg/ml. Different rates (for unit protein con- 
centration) at zero drug concentration were due to different grades of purification of the preparations [10]. The drug 
solutions were prepared daily and used also many hours later (see also text and legend to fig.5 for the case of 
cis-complex I). 
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were measured using the same lysosomal prepara- 
tion. Using the data obtained at different medium 
pH-values for the lysosome-induced absorbance 
change, in order to construct a calibration curve 
for the dye response vs ApH, similar to that of 
fig.l(A), the decrease in the internal pH at 
1>20 min after ATP addition, was evaluated at 
-1.8-2.1 pH units. The above calculation, how- 
ever, assumes that: 
(i) Dye response is a function of the pH only (and 
not also of the internal or external pH); 
(ii) The external pH does not affect the internal 
value. 
The upper value is most likely an overestimate of
the ATP-elicited drop in internal pH, and addi- 
tional study is required for reliable calibration of 
the method (but see [30]). 
The initial rate of the ATP-induced transmit- 
tance change in the presence of varying amounts 
of the 4 drugs listed in section 2 or oligomycin, and 
the NI-I4 + effect, subtracted from the change in 
transmittance due to the ATP effect (magnitude ~, 
in fig.2) are shown in fig.3. It was found that: 
(i) All the platinum complexes tested exerted an 
inhibitor), effect; half-maximum inhibition, 
with the [protein] indicated in the legend, oc- 
curred at -40  ~M (fig.3(A) for cis-complex I 
(but this value varied depending on the prein- 
cubation conditions of the complex in the 
DMSO solution (see below), at -2 .5~M 
(fig.3(B) for 'cis-complex II, and at 1.5- 
2.0/LM (fig.3(C)) for eiscomplex III; 
(ii) The trans-complex III inhibition constant was 
10-fold higher than that of cis-complex III 
(fig.3(C)); 
(iii) Oligomycin caused only a slight inhibition of 
the rate (fig.3(B)) but the degree of inhibition 
remained low and invariable also at concen- 
trations everal-fold higher than those known 
to inhibit ATP hydrolysis in mitochondrial 
fragments [31] (>>0.5tlg/mg protein). Ac- 
cordingly, by using the same technique to 
monitor inward proton translocation in rat 
liver submitochondrial particles [26,32,33] 
(fig.4(a)) we found complete inhibition of the 
energy-linked ye uptake at >1 ~g/mg oligo- 
mycin, (fig.4(b,c)); 
(iv) The pH gradient existing prior to ATP addi- 
tion was not affected by the platinum com- 
plexes tested (fig.3(A,B,D)) at any concentra- 
tion, thus indicating that platinum complexes 
do not cause ion-gradient collapse across the 
lysosomal membranes and, moreover, do not 
impair the dye's capacity to monitor pH gra- 
dients. Oligomycin also (fig.3(B)) had no 
effect on the pre-existing pH gradient. Control 
experiments (not shown) were also performed 
to ascertain any effect on the absorption spec- 
trum of the dye by the drugs at high con- 
centration; no interference was observed. 
Once again, no significant pH change was ob- 
served throughout an entire experiment. 
ATP-driven uptake of the dye by lysosomes was 
also followed (fig.5) in a lysosomal preparation ob- 
tained by a gradient of Percoll, as in section 2; fig.5 
also shows dye uptake inhibition by cis-di- 
aminodichloroplatinum If. It was also tbund (see 
legend to fig.5) that if the temperature and/or time 
of preincubation of the drug in the DMSO solu- 
tion were increased before testing its effect on lyso- 
somes, the inhibitor constant was considerably 
lowered. This point is still under investigation, but 
we are inclined to believe that the DMSO-cis-di- 
aminochloroplatinum II complex is the 'active' 
form, and that the high inhibitor constant of the 
complex is also due to the low concentration of this 
form as compared to the 'unreacted' form. 
Results similar to those shown in fig.5 were ob- 
tained with the subfraction L2 obtained by cen- 
trifuging the F II fraction (section 2) in a 
metrizamide gradient. In the best preparations, the 
initial rate of ATP-driven dye uptake, followed as 
usual by the dye absorbance change, was high, 
compared to data obtained with less-purified prep- 
arations [101 ( -  18 x 10 2 &d/rain per mg/ml of 
protein) but smaller than expected, considering the 
high purification grade of this preparation. This 
could be due to inhibition by metrizamide, as 
found in control experiments where the F II frac- 
tion was incubated with t% metrizamide, at room 
temperature, before testing the ATP effect. 
In subfraction L2, peroxisome contamination is 
nearly absent [19]. In the heavier density fractions 
obtained by Percoll density gradient centrifuga- 
tion, Golgi element and plasma membrane con- 
tamination, inferred from the specific activity of 
marker enzymes, galactosyltransferase nd 5'-nu- 
cleotidase, respectively, is very low [34]. Moreover, 
control experiments (not shown) with rat liver 
mitochondria nd microsomal fractions revealed 
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by submitochondrial particles. Effect of NH4 + and pre- 
incubation with oligomycin. Medium, preincubation 
time, NH4 + and ATP additions as in fig.3 except pro- 
tein was 0.56 mg/ml: (a) no addition; (b) oligomycin 
0.5/~g/ml; (c) initial rate of the ATP driven dye uptake 
vs [oligomycin]. At zero oligomycin more (4) measure- 
ments were made and average and SD are shown. Con- 
trols (not shown) with the solvent used for oligomycin 
showed no effect. 
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Fig.5. ATP-driven uptake of the dye acridine orange 
and inhibition of uptake by cis-diaminodichloropla- 
!inure I! in a lysosomal preparation obtained by a gra- 
dient of Percoll. Purified lysosomes (-20-fold over the 
homogenate) were obtained as in section 2. Medium 
and additions as in fig.2, except protein was 0.11 mg/ml. 
In (b) -90 ~tM cis-complex I was added 10 min before 
the addition of ATP. The drug was added as a DMSO 
solution, prepared a few hours before, but kept at 45°C 
for -30 min. In (a) 15 ~d/ml DMSO (the same amount 
present in (b)) were added 10 min before the addition of 
ATP. Preincubation in both cases was performed at 
room temperature. 
no ATP-dependent dye uptake at comparable pro- 
tein concentrations. Finally, dye uptake cannot be 
imputed to submitochondrial particle contami- 
nants in the preparations, ince oligomycin has no 
effect (cf. fig.3(B) with rigA). Thus, it appears 
quite unlikely that subcellular components other 
than lysosomes are involved in the observed ener- 
gy-dependent dye uptake. 
Finally, to exclude the possibility that the com- 
plexes were effective by inducing or increasing 
specific ion permeability in lysosomal membranes, 
the effect of the ionophores, valinomycin and 
FCCP, on the pH gradient across lysosomes was 
estimated as usual with the NH4 + effect and was 
compared to the effect of the complexes (not 
shown). Ionophores brought about the expected 
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changes in the internal pH, depending on [K + ] as 
found with nigericin (fig.l(B,C)). No effect instead 
was observed by the complexes, alone or in com- 
bination with the above ionophores. 
The possibility that the hydrolysis product of 
platinum complexes might be involved in the ob- 
served inhibition, as found in studies on mitochon- 
drial ATPase [35] deserved some consideration, 
but it appears unlikely in the C1- medium used in 
these studies [36]. 
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